Left-and right-sided • Colon cancer • Prognosis • TCGA Abstract Background/Aims: Left-and right-sided colon cancers are considered to be two different diseases and have altered outcomes. However, specific molecules to predict the prognosis of left-and right-sided colon cancers are currently lacking. Methods: Expression profiling of colon cancer were downloaded from The Cancer Genome Atlas (TCGA). Differentially expressed genes (DEGs) of left-and right-sided colon cancers were compared by DESeq analysis. The prognostic values of DEGs were assessed by univariate and multivariate Cox regression. Prognostic index models of two side colon cancers were conducted with prognostic values genes, respectively. Interaction of DEGs was then analyzed by the protein-protein interaction (PPI). Different biology function of two sides of colon cancer was assessed by Gene Set Enrichment Analysis (GSEA). Results: A total of 167 DEGs were identified between left-and right-sided colon cancers based on TCGA data. Using univariate COX regression analysis, five genes (PHACTR3, CKMT2, CYP2W1, ERFE, HOXC4) were related to overall survival in left-sided, and eight distinguishable genes (EREG, ERFE, HOXC6, SLC22A31, TFF1, GFI1, ZG16, RASL10B) in right-sided. Further, left-sided prognostic model was established with PHACTR3 and CKMT2 (HR=2.040; 95%CI=1.004-4.145; P=0.049). Distinguishable prognostic signature for right-sided colon cancer was established based on EREG, ERFE, GFI1, and RASL10B (HR=3.530; 95%CI: 1.934-6.444; P<0.001) in multivariate analysis. PPI analysis of 167 DEGs showed that CCL5, GNG4, GNLY, GZMH, DRD2, and FASLG genes were at the core of interaction network. In GSEA function analysis, four pathways, including antigen processing and presentation, natural killer cell mediated cytotoxicity, intestinal immune network for Iga production, and type I diabetes mellitus, were significantly enriched in the DEGs of the right-sided colon cancer. Conclusions: This study constructs a panel of potential prognostic model of left-and right-sided colon cancers, respectively. We also provide molecular biological alterations between left-and rightsided colon cancers.
Introduction
Colon cancer has the enormously high rate among the cancers of the digestive system and is currently the third leading cause of morbidity and mortality worldwide [1] [2] [3] [4] [5] . Studies have verified that left-and right-sided colon cancers differ in embryonic origin, anatomy, physiology, and pathological type, as well as gender, age and other demographic characteristics [6] [7] [8] [9] . In 1990, for the first time, Bufill discussed the alterations between left-and right-sided colon cancers regarding embryonic origin and genetic background. The right-sided colon comprises the ileocecum, the ascending colon, and the transverse colon. The left-sided colon contains the descending colon and the sigmoid colon [6] . According to the 2011 Surveillance, Epidemiology and End Results (SEER) database of the US National Cancer Institute, the occurrence of right-sided colon cancer increased by 25.26% during the 30 years from 1976 to 2005, with a mean annual growth rate of 0.68% [10] . Yahagi M et al. investigated the variation of the prognosis of left-and right-sided colon cancers using a systematic retrospective review and meta-analysis. Their results revealed that the location of the tumor was correlated with survival and prognosis, and the overall survival of rightsided colon cancer was pronouncedly poorer than that of left-sided colon cancer [11] . The National Comprehensive Cancer Network (NCCN) Clinical Practice Guidelines in Oncology clearly declare that the therapeutic sensitivity of molecular targeted drugs differs for tumors in different locations. Treatment with EGFR inhibitors, such as cetuximab, panitumumab, or irinotecan can significantly prolong the survival of patients with left-sided colon cancer [12] . For RAS wild-type colon cancer, left-sided tumors had longer overall survival than rightsided tumors treated with bevacizumab. It may be due to the random distribution of various molecular subtypes in the colon, and the biological differences between right and left colon that cause distinct efficacy of molecularly targeted agent in patients with left and right colon [13] . In recent years, molecular biology techniques and high-throughput sequencing technology further promoted the study of the alterations between left-and right-sided colon cancers [14, 15] . However, specific molecules that predict the prognosis of left-and rightsided colon cancers are currently lacking.
In this study, sequencing data from The Cancer Genome Atlas (TCGA) database were used to analyze differentially expressed molecules in left-and right-sided colon cancers and their predictive power for prognosis. We aimed to identify effective prognostic factors for left-and right-sided colon cancers and preliminary investigate their mechanisms, thereby contributing to the search for new clinical therapeutic targets for left-and right-sided colon cancers. The present study was summarized in Fig. 1 .
Materials and Methods
Colon cancer samples and clinical parameter downloading SEER. The SEER database (https://seer.cancer.gov/) was used to download the clinical information and survival status of patients with colon cancer from 1988 to 2010 for univariate analysis. Patients were disqualified if the information of tumor location and the T stage was missing. Cases with unclear tumor location, survival time and survival status were excluded.
TCGA. The colon adenocarcinoma sample information, the RNA-seq of transcriptome profiling count data, and the clinical data of the samples in TCGA were downloaded through the GDC data portal. The miRNAs data were downloaded from TCGA project, which provide the expression of precursor miRNAs. Cases with incomplete prognostic information were excluded. 
Differently transcriptional level of left-and rightsided colon cancers
According to the primary site of the colon tumor, this study included 258 patients of right-sided colon cancer (ileocecum, ascending colon, hepatic flexure of the colon, and transverse colon) and 180 patients of left-sided colon cancer (splenic flexure of the colon, descending colon, and sigmoid colon) ( Table 1) . Differential expressions various molecules of mRNA, lncRNA and miRNA of left-and rightsided colon cancers were computed using the DESeq method. Genes with an expression value of 0 for greater than 10% of the expression were excluded; |logFC|>1 and adjust-P value<0.05 served as the screening conditions for significant difference. The log2 of the standard expression was used for subsequent analysis.
Prognostic factors of left-and right-sided colon cancers and construction of Cox regression models
To explore the different prognostic molecules of leftand right-sided colon cancers, the impact of the different molecular expression levels on the prognosis of patients with left-and right-sided colon cancers was investigated by univariate Cox regression analysis. The molecules that affect the survival of the patients with left-and rightsided colon cancers were preliminarily screened. Multiple stepwise Cox regression analysis was performed for potentially relevant genes in the preliminary screening, and the impact of these molecules on the survival time and the survival outcome was also analyzed. The screened molecules were used to construct the prognostic index (PI) model: (β 1 Exp 1 +β 2 Exp 2 +…+β x Exp x ) [16] [17] [18] [19] [20] [21] . The larger the PI was, the greater the patient's risk and the worse the prognosis. The median of PI was used to divide the PI into a high-risk group and a low-risk group for KM univariate analysis to determine the prognostic power in the high-risk group and the low-risk group. P<0.05 served as a standard condition for the above screening.
Functional analysis of left-and right-sided colon cancers
To explore the variances in biological functions between the left-sided colon and the right-sided colon, the Gene Set Enrichment Assay (GSEA) method was used for the analysis in this study [22] . All genes with different expression levels were divided into the left-sided colon group and the right-sided colon group for comparison. GSEA does not focus on a few individual genes with a significant change in expression. Instead, GSEA focuses on the consistent expression of the entire hybridization data in a specific set of functional genes to interpret the biological information contained in the data. FDR<0.05 was used as the inclusion criterium in the screening. In addition, the interaction of the differential molecules between the left-sided and right-sided colon was investigated using the PPI interaction analysis of these differential genes.
Verification of the expression of prognostic molecules
The differential molecules were validated using the colon cancer microarray data set in the Gene Expression Omnibus (GEO) database. The microarray data that contained tumor site information and can distinguish between left-and right-sided colon cancers were included in the analysis. The microarray expression profile data were downloaded and normalized. Relevant gene expression data were obtained by re-annotating the probe. T-tests were performed for difference analysis, and P<0.05 was used as the screening standard. We also researched the genetic alterations of prognosis-related genes in colon cancer by cBioPortal web software (http://www.cbioportal.org/). 
Meta-analyses of the expression levels of the hub genes from PPI analysis
We performed meta-analyses of the expression levels of PPI hub genes (CCL5, GNG4, GNLY, GZMH, DRD2, and FASLG) based on data extracted from microarray and RNA-seq databases. All data were converted by corresponding standardization and logarithm 2. Continuous variable expression levels were sent for the calculation of Standard Mean Difference (SMD) by STATA 12. Because of the heterogeneity of different studies, the random effect model was chosen. When the pooled SMD <0, the gene expression in left colon cancer was higher than that in right colon cancer; when SMD was >0, the gene expression was higher in right colon cancer than that in left colon cancer.
Immunohistochemistry staining and evaluation of a hub gene
To validate the protein level of the hub genes, one gene was selected as an example. We examined the expression of GNG4 protein levels by immunohistochemistry. The study was approved by the Ethical Committee of the first affiliated hospital of Guangxi Medical University and written informed consent was obtained from all patients. Forty cases of colon cancers (left side, n=20, right side, n=20) were collected in the first affiliated hospital of Guangxi Medical University from 2016 to 2017. The samples were fixed by formalin. The first antibody (bs-13245R, Anti-G gamma4, Bioss, Beijing, China) was diluted to a concentration (1:500) and incubated at 37°C for one hour. The secondary antibody was incubated at room temperature for half an hour. The immunohistochemistry results were reviewed by two independent pathologists (Jiang-hui Zeng and Gang Chen). We quantified the results using the immunoreactivity score system. The staining intensity ranged from 0 to 3, indicating no staining, weak staining, moderate and strong staining, respectively. The percentage of staining consists of 0-4 points, 0 was <5%; 1 was <5-25%; 2 was 25-50%; 3 was 51-75%; 4 was > 75%. The final result of each case was obtained by a score of multiplying the above two elements. The paired sample T-test was used to assess the difference of GNG4 expression between two groups. P<0.05 was considered statistically significant.
Results

Prognosis of left-and right-sided colon cancers in SEER and TCGA
We divided SEER colon cancer cases into left-and right-sided colon cancers. A total of 572, 265 colon cancer patients were collected from 1988 to 2010, including 324, 827 rightsided colon cancer and 247, 438 left-sided colon cancer cases. The K-M univariate analysis results indicated that the overall survival rate of left-sided colon cancer was more favorable than that of right-sided colon cancer (log rank, P<0.001, Fig. 2A ). The median survival of left-sided colon cancer was 75 months (74.289-75.711 months), and the median survival of right-sided colon cancer was 60 months (59.493-60.507 months). In addition, the prognosis of left-sided colon cancer was enhanced compared with that of right-sided colon cancer at different tumor stages (log rank, P<0.001, Fig. 2B, C) .
Furthermore, K-M prognostic analysis was performed on 170 cases of left-sided colon cancer and 251 cases of right-sided colon cancer using TCGA. No remarkable alteration in overall survival was noted between the left-and right-sided colon cancers, as shown in Fig.  3A (log rank, P = 0.064). However, our analysis of patients at different tumor stages revealed that among patients with high-stage colon cancer, better prognosis was associated with leftsided colon cancer compared with right-sided colon cancer (Log Rank, P = 0.030, Fig. 3B ). For those patients who were in the early stage, the prognoses of the left-sided and rightsided colon cancers did not change noticeably (Fig. 3C ).
Differential molecules in left-and right-sided colon cancers
For the TCGA data, differences in gene expression were analyzed using the DESeq method by dividing colon cancer cases into left-and right-sided colon cancers. A total of 167 differential genes met the criteria of fold change>2 and adj-P value<0.05, including 109 genes (containing 8 lncRNAs) highly expressed in right-sided colon cancer and 58 genes (containing 6 lncRNAs) highly expressed in left-sided colon cancer, with the most evidential alteration noted in GNG4 (Fig. 4 
Prognosis models of left-sided and rightsided colon cancers
In TCGA, univariate Cox regression analysis was performed for 167 DEGs in leftand right-sided colon cancers to identify five prognostic genes for left-sided colon cancer, including PHACTR3, CKMT2, CYP2W1, ERFE and HOXC4, and eight prognostic genes for the right-sided colon cancer, including EREG, ERFE, HOXC6, SLC22A31, TFF1, GFI1, ZG16, and RASL10B (Table 3) . Multiple stepwise Cox regression was used to analyze the effect of five left-sided colon cancer RNAs on the survival time and the patient's outcome. PHACTR3 and CKMT2 genes affected the survival time and the patient's outcome (Fig. 5) . A prognostic index model for left-sided colon cancer was constructed using these two genes. The expression data of these two genes were introduced into the PI equation, PI = 0.299 × PHACTR3 EXP -0.174 × CKMT2 EXP , obtaining PI for the 170 cases (Fig. 6) . Similarly, multiple stepwise Cox regression was performed for the eight genes for right-sided colon cancer, including EREG, ERFE, HOXC6, SLC22A31, TFF1, GFI1, ZG16 and RASL10B. The results revealed that EREG, ERFE, GFI1, and RASL10B were Clinical parameters of 6 genes of prognostic index model. EREG, RASL10B, PHACTR3 and CKMT2 were significantly highly expressed in left-sided colon cancer in TCGA. Besides, ERFE and GFI1 were lower expression in left-sided than right-sided colon cancer. ROC curve analysis showed that EREG, ERFE, GFI1, and RASL10B had high diagnostic value in right-sided colon cancer. PHACTR3 and CKMT2 also had high significant diagnostic values in left-sided colon cancer. Kaplan-Meier survival analysis was divided low and high expression group as medium cut-off value. (Fig. 7) . The included cases were assigned into a low-risk group and a highrisk group according to the median cutoff of the PI. The PI could be determined as independent prognostic factor according to univariate and multivariate cox regression ( Table 4 ). The K-M prognostic analysis revealed that the prognosis of the low-risk group was better than the high-risk group for both left-and right-sided colon cancers. The diagnostic rate of the 5-year survival rate by the prognostic model constructed with the risk index was AUC = 0.692 for left-sided colon cancer and AUC = 0.730 for right-sided colon cancer, as shown in Fig. 8 . However, the expression level of miR-592 was not associated with OS neither in leftsided, nor right-sided colon cancer by cox regression analyses.
Gene set enrichment analysis for leftsided and right-sided colon cancers
To better understand the differences in biological function between the left-and right-sided colons, gene set enrichment analysis (GSEA) was performed. Four pathways, including antigen processing and presentation, natural killer cell mediated cytotoxicity, intestinal immune network for Iga production, and type I diabetes mellitus, were significantly enriched in the right-sided colon, whereas no pathway was significantly enriched in the left-sided colon (Fig. 9 , Table 5 ). In addition, the interaction between the DEGs of the left-and right-sided colon cancers was analyzed by the PPI interaction network. Fig. 10 indicated that the genes CCL5, GNG4, GNLY, GZMH, DRD2, and FASLG genes were more closely related to other genes, which may indicate an important role in regulation.
GEO validation for the expression and genetic alterations of six prognostic genes
A total of 20 microarray datasets were identified by screening the GEO database. In some microarrays, the expression levels of PHACTR3 and CKMT2 for the left-sided colon prognosis model and EREG, ERFE, GFI1 and RASL10B for the right-sided colon prognosis model were verified. PHACTR3, CKMT2, EREG, GFI1 and RASL10B expression levels significantly differed between left-and the right-sided colon cancers, as shown in Fig. 11 , which is consistent with the trend of expression noted in TCGA. As for genetic alterations, EREG showed the highest genetic alterations in these genes. ERFE and GFI1 did not show any alterations in colon cancer of TCGA (Fig. 12) . (Fig. 13) .
GNG4 expression of immunohistochemistry staining
GNG4 expression levels with 40 paired colon cancers were assessed by immunoreactive score as an example for showed the PI curve. X-axis represented the patient IDs, which were ranking by PI from low to high. The heatmap of bottom showed EREG, ERFE, GFI1 and RASL10B expression in each right-sided colon cancer patients. Table 5 . KEGG pathways enrichment in GSEA analysis NAME SIZE ES
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Cellular Physiology and Biochemistry the validation of the hub genes. The expression level of GNG4 was prominently higher in colon cancer tissues (10.538±2.537) compared with adjacent colon tissues (2.589±2.152, P<0.001). Furthermore, GNG4 expression in left colon cancer tissues (11.600±1.231) were obviously higher than that in right colon cancer tissues ((9.850±2.815, P=0.017, Fig. 14) .
Discussion
In the current study, a differential expression signature of various molecules was performed between the left-sided colon and the right-sided colon based on TCGA sequencing data including mRNA, lncRNA and miRNA, and the predictive power of these differential molecules on the survival of the patients with left-and right-sided colon cancers were further investigated. Molecules that could predict the prognosis of left-and right-sided colon cancers were separately identified, and the corresponding models of prognosis were constructed. Six genes expression were validated in 14 selected data series. CKMT2 was over expressed in left colon cancer in 10 data series (GSE39084, GSE14333, GSE75316, GSE75315, GSE35834, GSE41258, GSE8671, GSE37892, GSE89076, and GSE50592). EREG was higher expression in left-sided than right-sided colon cancer (GSE39084, GSE14333, GSE75316, GSE75315, GSE35834, GSE41258, GSE77953, GSE44076, GSE72970, GSE103512). RASL10B, GFI1, PHACTR3 were showed differentially in other data series. Unpaired T-test was performed in analysis. P<0.05 was set as significant. Cellular Physiology and Biochemistry
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Prognostic index model of left-sided colon contained PHACTR3 and CKMT2, while another four genes (EREG, ERFE, GFI1 and RASL10B) were included in prognostic model of right-side colon cancer. An enrichment analysis of gene function was also carried out for the left-and the right-sided colon using GSEA. The results showed that right-sided colon cancer was related to the pathways of antigen processing and presentation, natural killer cell mediated cytotoxicity, intestinal immune network for Iga production, and type I diabetes mellitus. But the differentially expressed miRNAs and lncRNAs had no significant prognostic value between left-and right-sided colon cancers. Some studies have focused on factors affecting the prognosis of the left and right colon cancer. Bauer et al. compared recurrence specimens of the left-and right-sided colon cancers and found that NOX4, CDX2, and ITGA3 expression levels differed. The reduced recurrence-free survival in left-sided colon cancer was related to high NOX4 expression. The reduced recurrence-free survival in rightsided colon cancer was related to high CDX2 expression [23, 24] . Although they found some factors related to the prognosis of the left 12. Genetic alterations of prognostic models. Based on TCGA, we used cBioPortal to detect Genetic alterations in 120 (30% of total 394) colon cancers. and right colon cancer, the predictive ability of a single gene may not be accurate, and the sample size was relatively small compared with the TCGA database. In the current study, a prognostic model to independently predict the prognosis of left-sided colon cancer was constructed using the differential genes PHACTR3 and CKMT2, and a prognostic model to independently predict the prognosis of right-sided colon cancer was constructed using four differential genes, including EREG, ERFE, GFI1 and RASL10B. Our GEO verification results revealed that PHACTR3, CKMT2, EREG, ERFE and RASL10B were highly expressed in the left-sided colon, and GFI1 was highly expressed in the right-sided colon, which is consistent with the aforementioned findings from TCGA dataset. Among the abovementioned genes, the PHACTR protein family is closely related to cell motivity and morphogenesis by regulating the actin cytoskeleton [25] . PHACTR3 is a new hypermethylated gene in CRC exhibiting good performance in stool DNA testing and has complementary value to the fecal immunochemical test in colorectal cancer [26] . Hypermethylation of the PHACTR3 promoter measured in stool samples could be used as a colorectal cancer biomarker and provide prognostic information [27] . CKMT2 was not studied in colon cancer. Wang H et al. validated that CKMT2 might serve as a key regulating factor participating in osteosarcomagenesis [28] . Saridaki Z et al. demonstrated that OS was significantly reduced in CRC patients with down-regulated EREG (HR: 1.7, P = 0.021), which was revealed as an independent prognostic factor for decreased OS [29] . Qu X et al. found that in those patients treated with cetuximab, low EREG methylation was correlated with increased expression of the ligand of EREG, also was related to a better response to the cetuximab treatment. On the contrary, high EREG methylation was correlated with decreased expression of the ligand of EREG, as well as was related to the worse response of therapy [30] . Lee MS et al. found that there were noteworthy inverse correlations between EREG expression and methylation, as well as tumor position, BRAF mutation, and CIMP-high status [31] . Inoue A et al. found that methylated RASL10B could be involved in the development from sessile serrated adenomas/polyps (SSA/Ps) to colon cancer [32] . Zou H et al. demonstrated that profound down-regulation of RASL10B mRNA level could be observed in all breast cancer cell lines and suggested that RASL10B could act as a novel member of the Ras superfamily, which owns the potential to be a tumor suppressor [33] . Xing W et al. explored that GFI1 could act as a gating modulator, which shoulders the responsibility for an essentially activated signaling circuit that leads to the metastasis of CRC [34] . Xing W et al. investigated that GFI1 could be a prospective therapeutic goal to hinder the progress and metastasis of inflammation-related CRC. Relapse-free survival (RFS) in cases with increased GFI1 expression was improved compared with patients with low GFI1 expression [34] . The trend in the results of the studies above is similar to our findings for GFI1 in right-sided colon cancer. Here, our main purpose is to identify prognostic factors to separately predict left-and right-sided colon cancers. Although these genes have been studied in colon cancer, little has been reported regarding their ability to predict prognosis, no relevant researches have pointed out that these prognosis-related genes were associated with drugs treatment; thus, the results of this study still need to be verified with data from more samples. In addition, CCL5, GNG4, GNLY, GZMH, DRD2, and FASLG play a central role among all the DEGs through PPI analysis. Accumulating evidence has clearly demonstrated that CCL5 plays a pivotal part in the progress of CRC [35] . CCL5, a crucial issue being involved in immune escape, it can raise the buildup of myeloid-derived suppressor cells and T-regulatory cells in the course of CRC. Hence, CCL5 is essential for intermediating regulative impacts in the process of CRC [36] . Tumor necrosis factor (TNF)-α-preactivated hMSCs exude high levels of CCL5 and then aid the progress of CRC by activation of the epithelial-mesenchymal transition (EMT) process [37] . GNG4 is one of the most hypermethylated and down-regulated genes in glioblastoma. Overexpression of GNG4 inhibits cell growth of glioblastoma cell lines and in vitro transformation of immortalized human astrocytes, hence indicating a probable tumor suppressor character of GNG4 in glioblastoma [38] . Palma P et al. identified increased GNG4 expression level in treatment-responsive rectal cancer samples compared with nonresponsive rectal tumor patients [30] . Our results reveled that GNG4 is highly expressed in the left-side colon. The tumor microenvironment comprises a multiplex network of immune T-cell subpopulations (relationship between tumor microenvironment and immunity). Camus M et al. demonstrated that the coexpression of GNLY and IRF1 could precisely forecast patient survival independent of the situation of metastasis [39] . GZMH, a functional cytotoxic serine protease of NK cell granules, could expand the cell death-inducing repertoire of the innate immune system. GZMH expression was reduced in breast cancer patients compared with that in healthy women [40] . Gemignani F et al. pointed to a possible role of the dopamine receptor DRD2 in modulating the risk of colorectal cancer [41] . Fas ligand (FasL, CD95L, or TNFSF6) primarily activated T cells, NKT cells, and NK cells [42] . CD95L is a critical survival factor for cancer cells and protects and promotes cancer stem cells [43] . Raats DA et al. concluded that FASLG prompts senescence in mismatch repair-deficient human colon cancer through chronic caspase-mediated induction of DNA damage [44] . Therefore, these core genes play different roles in the occurrence and development of colon cancer through different mechanisms.
Using GSEA, we found that the right colon is closely related to the pathways of antigen processing and presentation, natural killer cell mediated cytotoxicity, and intestinal immune network for IgA production; therefore, there may be differences in the immune mechanisms between left-and right-sided colon cancers. Hypoxia-induced autophagy boosts antigen presentation in the inflammatory response [45] . Lai MC et al. demonstrated that hypoxia upregulated the translation of genes involved in antigen processing and presentation in colon cancer cells [46] . Natural killer cell-mediated cytotoxicity is related to the process of earlyonset CRC and involved in immunosuppression and the epithelial-mesenchymal transition (EMT) in CRC patients [47] . However, differences in the immunological mechanisms of leftand right-sided colon cancers still need to be further explored.
With the development of high-throughput technologies and the improvement of various databases [14, [48] [49] [50] [51] [52] [53] , some studies have demonstrated that the molecular biological characteristics of left-and right-sided colon cancers impact prognosis. Chromosomal instability (CIN) is one of the manifestations that may cause inactivation of the tumor suppressor gene p53 and is considered an independent prognostic factor for colon cancer [54] . Another study also found that the incidence of p53 mutations in left-sided colon cancer was increased compared with that in right-sided colon cancer. Cases with p53 mutations are at increased risk of death [55] . Microsatellite instability (MSI) is highly associated with rightsided colon cancer [56] . Popat S et al. confirmed that MSI is one of the independent factors that can accurately predict prognosis [57] . The CpG island hypermethylation phenotype (CIMP) often leads to silencing of tumor suppressor genes and tumorigenesis. Iacopetta B found that CIMP often occurred in the right-sided colon [58] . Barault et al. reported that the 5-year survival rate of the patients with a MSI stable genotype and positive for CIMP was poor. Juo et al. found that CIMP is an independent risk factor for poor prognosis in colorectal cancer [59] . This finding indicates that low expression of the genes in right-sided colon cancer is possibly related to hypermethylation. The RAS family is a family of key effector molecules which is downstream of EGFR, and the incidence of EGFR activation via RAS mutations in right-sided colon cancer is significantly increased as compared to the left-sided colon [60] . K-RAS mutations are associated with poor prognosis because patients with these mutations cannot benefit from chemotherapy [61] . BRAF is also a pivotal molecule in the MARK signaling pathway. Studies found that the incidence of BRAF mutations in right-sided colon cancer was increase compared with that in left-sided colon cancer [62, 63] . Correlation meta-analysis revealed that BRAF mutation is a high risk factor for the prognosis of colon cancer [64] . The difference in genetic alterations between left-and the right-sided colon cancers should be further studied.
Our study still has some limitations. We tried to examine the prognostic value of the current model with several genes by the microarray data from GEO database (GSE14333, GSE37892 and GSE39084). But unfortunately those prognostic genes identified by our study showed no prognostic value in GEO data. We consider that the inconsistence may be due to the following reasons. First, sample heterogeneities such as countries, race, and accurate Cellular Physiology and Biochemistry Cellular Physiology and Biochemistry tumor position could cause altered results. Second, these independent GSE studies only contained limited number of samples to generate precise results. We will utilize clinical samples of our hospital or other independent cohorts for verification in the future.
In conclusion, given differences in clinical practice, molecular biological characteristics, survival, and prognosis between left-and right-sided colon cancers, these cancers can be interpreted as two different diseases. In this study, left-and right-sided colon cancer cases were investigated based on gene expression in the TCGA database to clarify their differences and construct separate prognostic models, providing the basis for the individualized treatment and prognosis assessment of left-and right-sided colon cancers.
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